We have previously demonstrated decreased Jun/AP-1 activity in the breast cancer cell line MCF-7 when compared to normal or immortalized mammary epithelial cells. In this paper, we overexpress Jun in MCF-7 cells (MCF7Jun) and demonstrate that it results in diverse biologic and biochemical changes, which mimic those seen clinically in breast cancer. Overexpression of Jun causes signi®cant alterations in the composition of AP-1, decreased junB and increased fra-1 expression and results in an increased biologic aggressiveness. MCF7Jun cells exhibit increased cellular motility, increased expression of a matrix degrading enzyme MMP-9, increased in vitro chemoinvasion and tumor formation in nude mice in the absence of exogenous estrogens. Furthermore, MCF7Jun cells are unresponsive to the growth stimulating eects of estrogen and growth inhibitory eects of tamoxifen. Analysis of the estrogen receptor (ER) expression and activity showed that the MCF7Jun cells have no detectable ER. MCF-7 cells overexpressing mutant forms of cJun were responsive to the growth stimulatory eects of estrogen indicating that full-length cJun is required to acquire the estrogenindependent phenotype in breast cancer cells.
We have previously demonstrated decreased Jun/AP-1 activity in the breast cancer cell line MCF-7 when compared to normal or immortalized mammary epithelial cells. In this paper, we overexpress Jun in MCF-7 cells (MCF7Jun) and demonstrate that it results in diverse biologic and biochemical changes, which mimic those seen clinically in breast cancer. Overexpression of Jun causes signi®cant alterations in the composition of AP-1, decreased junB and increased fra-1 expression and results in an increased biologic aggressiveness. MCF7Jun cells exhibit increased cellular motility, increased expression of a matrix degrading enzyme MMP-9, increased in vitro chemoinvasion and tumor formation in nude mice in the absence of exogenous estrogens. Furthermore, MCF7Jun cells are unresponsive to the growth stimulating eects of estrogen and growth inhibitory eects of tamoxifen. Analysis of the estrogen receptor (ER) expression and activity showed that the MCF7Jun cells have no detectable ER. MCF-7 cells overexpressing mutant forms of cJun were responsive to the growth stimulatory eects of estrogen indicating that full-length cJun is required to acquire the estrogenindependent phenotype in breast cancer cells.
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The proto-oncogene c-jun encodes a 39 kDa nuclear phosphoprotein, cJun, which is a component of the mammalian transcription factor activator protein-1 (AP-1) (Bohmann et al., 1987; Angel et al., 1988) . The AP-1 complex was ®rst isolated as a factor that binds DNA sequences found in the promoter regions of genes stimulated by phorbol esters such as 12-Otetradecanoylphorbol-13-acetate (TPA) (Angel et al., 1987) . AP-1 complexes are formed by dimers of the Jun family members (cJun, JunB, JunD) or heterodimers of the Jun family members with the Fos family members (cFos, FosB, Fra-1, Fra-2). cJun is also known to interact with other transcription factors. cJun interacts with the NF-kB subunit p65 to enhance binding to kB and AP-1 sites (Stein et al., 1993) . Jun dimers and Jun/Fos heterodimers also form complexes with the T-cell transcription factor NFAT (Jain et al., 1993) . The AP-1 and ATF/CREB transcription factors can form selective cross-family heterodimers with distinct DNA binding speci®cities. Cross-talk between AP-1 and several steroid receptors such as estrogen receptor (ER), glucocorticoid and retinoic acid receptors can either enhance or repress AP-1 activity through direct or indirect protein ± protein interactions (Yang-Yen et al., 1990; Uht et al., 1997; Vig et al., 1994) . In earlier studies, TPA or cJun and cFos were found to inhibit estrogendependent estrogen receptor transcriptional activity in a variety of cell lines but the mechanism involved may be complex (Tzukerman et al., 1991) . Endogenous ER mRNA was found to be rapidly down regulated in MCF7 breast cancer cells in response to TPA treatment (Tzukerman et al., 1991) . Transiently transfected c-jun or c-fos was also found to inhibit estrogen receptor transcriptional activity in human breast cancer cells (Doucas et al., 1991) .
The role of cJun in cellular transformation has been de®ned previously in rodent and avian model systems (Vogt et al., 1990; Suzuki et al., 1991; Castellazzi et al., 1990 , Dong et al., 1994 . Deregulated expression of cJun can lead to malignant transformation of immortalized rat ®broblasts while transformation of primary rat embryo cells required co-expression of an activated c-Ha-ras (Alani et al., 1991; Schutte et al., 1989) . In chicken embryo ®broblasts, cJun can induce cellular transformation by itself (Suzuki et al., 1991; Castellazzi et al., 1990) . Stable expression of a transactivation suppressing deletion mutant of c-jun in malignant mouse epidermal cell lines inhibited tumor formation in nude mice (Domann et al., 1994) . In human cancer, the role of c-jun/AP-1 is less clear. Increased constitutive levels of c-jun and c-fos mRNA and AP-1 levels have been reported for drug-resistant cells (such as etoposide resistant human leukemia K562 cells) compared to drug-sensitive parental lines (Ritke et al., 1994) . In the human breast adenocarcinoma cell line MCF-7, mitogenic stimulation by insulin or other insulin-like growth factors (IGFs) leads to increased cjun or c-fos expression and AP-1 activity. In a study of non-small cell lung primary and metastatic tumors, cJun is found to be overexpressed in 31% of the cases (Szabo et al., 1996) . Histologically atypical areas from the surrounding lung were also found to express cJun while normal airway and alveolar epithelia did not have detectable expression, suggesting that cJun expression is altered early during human lung carcinogenesis (Szabo et al., 1996) .
We have reported previously the variable levels of expression of jun and fos family members and AP-1 a b c Figure 1 (a) Western blot analysis of cJun expression in MCF-7 stable transfectants. Equal amounts of protein (as determined by the Bio-Rad colorimetric assay) from nuclear extracts of exponentially growing cells were used and cJun protein was detected using rabbit polyclonal anti-cJun antibody (Ab-1 from Oncogene Science (Chen et al., 1996) . In a following study using normal proliferating breast cells and breast cell lines at dierent stages of transformation, we observed that AP-1 expression and activity decreases as the breast epithelial cell becomes more transformed (Smith et al., 1997) . Our studies suggest that transformed cells may become less dependent on AP-1-mediated signal transduction pathways for continued growth which is re¯ected in their lower AP-1 expression and transactivating activity compared to normal proliferating breast epithelial cells. High AP-1 activity in breast cancer cells may also be inhibitory to their growth since TPA, a potent activator of AP-1, has been shown to inhibit the growth of breast cancer cells (Darbon et al., 1986) . The aim of this study was to determine the eect of overexpression of cJun in a human breast cancer cell line. We co-transfected MCF-7 cells with a eukaryotic expression vector containing the human c-jun gene and a plasmid containing the neomycin (neo) resistance gene. G418-resistant clones were isolated and characterized. Western blot analysis demonstrated variable levels of cJun expression over the low level background in multiple clones (Yang et al., 1997) . Three clones expressing high levels of cJun (MCF7Jun) (clones 2-16, 2-31 and 2-33) were randomly chosen along with three neomycin resistant control clones (clone 7-1, 7-2 and 7-3) (Figure 1a ). We analysed their AP-1 DNA binding activity by a gel retardation assay using a labeled oligonucleotide containing a consensus AP-1 sequence and found that all MCF7Jun clones demonstrated high levels of AP-1 DNA binding activity (data not shown). Control neo clones as well as the parental cells (WT) have minimal levels of AP-1 DNA binding (Chen et al., 1996) .
To demonstrate the transactivation of AP-1 regulated genes, we analysed the expression of vimentin, a known AP-1 target . Northern blot analysis demonstrated signi®cant up-regulation of expression of vimentin mRNA in MCF7Jun clones (Figure 1b) . Transcriptional transactivation assay using a collagenase AP-1 reporter construct has also shown increased AP-1 activity for MCF7Jun clones (data not shown) (Yang et al., 1997) . To determine the eect of cJun overexpression on the expression level of the jun and fos gene family members, Northern blot analysis was performed. As shown in Figure 1b , overexpression of cJun altered the expression of several members of these gene families. junB mRNA expression decreased ®vefold while junD and c-fos decreased slightly from their already minimal levels. fra-1 expression was undetectable in MCF-7 vector control cells but became easily detectable in MCF7Jun clones.
The biologic consequences of cJun over-expression were evident in changes in cell morphology in vitro. MCF7Jun cells are much larger than control neo cells with a larger cytoplasmic to nuclear ratio ( Figure 1c ). In addition, all MCF7Jun clones grew in a less compact fashion than the neomycin resistant control cells with multiple¯oating cells evident in the culture. We did not detect increased apoptosis in either the adherent or non-adherent MCF7Jun cells (data not shown).
MCF-7 cells have minimal ability to invade through an arti®cial basement membrane (matrigel) in vitro (Holst-Hansen et al., 1996; Lambert et al., 1997) 23+10 375+41 a Average number of cells per high power ®eld, average of four representative ®elds. Cells were prepared and assayed as described with modi®cations . 1 ± 2610 5 cells in serum-free media were placed into the upper part of Boyden chambers separated from the lower chamber containing conditioned media by polyvinylpyrolione-free (PVPF) polycarbonate Nucleopore membranes (Costar) (8 micron pore size) which were precoated with either 0.1 mg/ml gelatin or 0.125 mg/ml collagen for chemotaxis. Cells were incubated for 5 h at 378C, then membranes were removed and stained using Di-Quick reagents (Baxter, Miami, FL, USA). Cells on top of membrane were wiped o and cells on the underside were counted at 4006magni®cation cJun overexpression in breast cancer cells LM Smith et al whereas, treatment with estrogen increased this invasive capacity . Analysis of the chemotactic ability of MCF7Jun clone 2-33 demonstrated that overexpression of cJun results in increased motility of these cells (Table 1) . Clone 2-33 exhibited a 5 ± 30-fold increased motility compared to control clone 7-1 in response to undiluted NIH3T3 conditioned media. Due to the strong motility observed for 2-33, we compared invasive and chemotactic capacities of 2-33 and 7-1 using 1 : 20 dilution of the NIH3T3 conditioned media as chemoattractant and 0.2 mg/ml matrigel for coating the membrane. The chemomigratory response of clone 2 ± 33 cells to the diluted NIH3T3 conditioned media was reduced to 2.8-fold compared to clone 7-1. However, under these conditions, clone 2-33 was 25-fold more invasive than clone 7-1. In an attempt to determine the mechanisms of this increased invasion, we analysed supernatants from the transfected clones for the presence of matrix degrading enzymes. Zymogram analysis showed an active enzyme of 92 kDa only in the MCF7Jun cells (Figure 2a ). Western analysis of cellular extracts from the dierent clones revealed this enzyme to be type IV collagenase (MMP-9), a known AP-1 regulated gene (Figure 2b ).
MCF-7 cells are non-tumorigenic in nude mice unless exogenous estrogen is provided to the mice (Clarke et al., 1990) . We tested the cJun overexpressing clones for tumor formation in normal and ovariectomized nude mice by injecting 1610 7 cells subcutaneously into each mouse. As shown in Table 2 , none of the control cell lines or parental MCF-7 cells gave rise to tumors after 3 months, while 15/18 and 13/18 mice injected with MCF7Jun cells produced tumors with or without ovariectomy respectively (Student's t-test, 2-tailed: P50.01). In addition, all three MCF7Jun clones produced tumors in a rapid fashion (4100 mm 3 by 6 weeks).
MCF-7 WT cells express the estrogen receptor (ER) and proliferate in response to estrogen while their growth is inhibited by the estrogen antagonist tamoxifen in vitro (Bignon et al., 1989) . We observed that the MCF7Jun cells grew slower than their control clones in complete media. Determination of their doubling time in culture showed that the average doubling times of MCF-7 WT and neo clones is 36.9+2.3 h while MCF7Jun clones is 44.8+3.1 h (P50.01) ( Table 3 ). Since normal growth media has estrogen (from serum) and estrogen-like substances (phenol red), we tested our clones in estrogen-depleted and estrogen-supplemented media. Upon removal of estrogen from the media, MCF7 parental and control neo clones slowed their growth by 3.6-fold (mean doubling time of 131.7+15 h) (P50.01) while the doubling time of MCF7Jun clones only increased by 1.5-fold compared to their growth in regular media (66.2+8.8 h) (P50.01). This result indicates that cJun overexpression may partially replace the eect of estrogen stimulation observed in the neo controls. While addition of estrogen stimulated the growth of the parental and control cells by an average of 2.5-fold, the growth of MCF7Jun cells did not change upon estrogen supplementation. The average doubling times of the control cells in estrogen supplemented media is 2.5-fold less compared to estrogen depleted media while MCF7Jun clones have similar doubling times with or without estrogen (Table 3) .
Furthermore, the eect of tamoxifen alone (10 nM) or estrogen (1 nM) and tamoxifen (10 nM) together on cell growth of all the clones was determined. As shown in Figure 3 , tamoxifen inhibits the growth of the control neo clones. The growth observed in the control cells upon addition of estrogen is diminished by cotreatment with tamoxifen. There was no observed growth inhibition by tamoxifen alone or tamoxifen plus estrogen for MCF7Jun clones. These results show that MCF7Jun cells are estrogen-independent for growth in vitro and have also become insensitive to inhibition by tamoxifen.
Due to the observed estrogen-unresponsiveness of the MCF7Jun clones, the expression level of estrogen receptor activity was determined. Using a radioligand binding assay to quantitate ER protein, results show that while the control clones have ER protein levels ranging from 128 to 316 fmol ER/mg total protein, all three MCF7Jun clones do not express ER protein (Table 4) . Using a more sensitive assay, ER transcriptional activity was analysed by transfection of a reporter plasmid containing an estrogen-responsive element (ERE) into all of the cell lines. The transfected cells were either untreated or treated with estrogen (100 nM) in the media. While the parental and control cells have estrogen-inducible ER transcriptional activity (up to threefold), there was no detectable ER transcriptional activity in the MCF7Jun cell lines (Figure 4a ). To determine the mechanism of downregulation of ER, we analysed ER mRNA expression. Northern blot analysis of polyA RNA showed that ER mRNA was detected only in the control neo cell line (7-1) and not in the MCF7Jun clone 2-33 (Figure 4b ). MCF-7 7-1 7-2 7-3 2-16 2-31 2-33 0/6 0/6 0/6 0/6 5/6 4/6 6/6 0/6 0/6 0/6 0/6 4/6 5/6 4/6
Tumor formation was scored as positive when a size of 100 mm 3 was reached. 1610 7 cells were resuspended in 100 ml of PBS and injected subcutaneously into a 6-week-old normal or ovariectomized nude mouse. Six mice were used per cell line tested. Tumor growth was measured every week. The animals were monitored for 3 months or until the tumor reached 2500 mm 3 3 cells/well were seeded in 96 well plates in dierent media as indicated. At 24 h intervals, cell number was measured by the Non-radioacitve Cell Proliferation Assay (MTT) (Promega, Madison, WI, USA) and the plates were read on an ELISA reader at 540 nm. Each timepoint is a mean of 8 wells. Doubling times for each clone in dierent culture conditions were calculated using a standard formula for generation time (Stanier et al., 1976) . Statistical analysis was performed using the standard Student's t-test (unpaired, two-tailed) This suggests that the down-regulation of ER is at the mRNA level due to transcriptional regulation or posttranscriptional processing of the ER mRNA.
To study the mechanism by which cJun overexpression produces an estrogen-independent phenotype, we transfected MCF7 cells with deletion mutants of cJun and established stable clones. . The TAD mutant is able to form homodimers with full-length cJun and heterodimers with cFos. Both DBD mutant and LZD mutant are unable to bind DNA although the DBD mutant is able to inhibit Jun/Jun homodimers from binding DNA while the LZD mutant is unable to speci®cally inhibit cJun dimerization and binding to DNA . Analysis of the growth of these cJun clones with or without estrogen in their media showed estrogen induced proliferation in all the control and cJun mutant cell lines by an average of 2.61+0.46-fold compared to MCF7Jun clone 2-33 (0.96+0.05) ( Figure 5 ). Only the clone expressing the full-length cJun (2-33) did not respond to estrogen. Statistical analysis using Student's t-test showed that the dierence in growth for all the stable clones studied were signi®cant (P50.05) compared to MCF7Jun clone 2-33. These data suggests that expression of full length cJun is required to acquire estrogen-unresponsiveness in breast cancer cells.
In this study, we demonstrate that increased expression of cJun results in: (1) altered expression of other AP-1 complex genes and increased AP-1 activity; (2) changes in cellular morphology, increased expression of matrix degrading enzymes, and increased motility and invasiveness of the cells in vitro; (3) tumor formation in nude mice in the absence of exogenous estrogen; and (4) unresponsiveness to both estrogen and tamoxifen in cell culture.
The increased cJun expression in MCF7Jun cells results in an enrichment of the AP-1 complex with Figure 3 Eects of estrogen and tamoxifen on MCF7Jun and control cells. Cells were seeded in 96 well plates at a concentration of 4.3610 3 cells/well in four dierent treatments (vehicle, 1 nM estrogen, 10 nM tamoxifen, 1 nM estrogen+10 nM tamoxifen) in phenol-red free media with 10% charcoal stripped fetal calf serum. Cell density was quantitated for 7 ± 10 days by MTT assay Cell pellets were resuspended in 1.5 mM MgCl 2 and TEDSMo buer (10 mM Tris, 1.5 mM EDTA, 0.5 mM DTT, 5 mM molybdate) pH 7.4 and homogenized on ice using glass homogenizer and pestle. The homogenates were used in standard multipoint dextran coated charcoal (DCC) assay modi®ed using cJun resulting in increased AP-1 transcriptional activity. This increase in turn alters the expression of other AP-1 members which are known to be AP-1 regulated genes (junB and fra-1) (Deng and Karin, 1993; Yoshioka et al., 1995) . We demonstrate that junB expression decreases ®vefold. In most cells examined, JunB antagonizes cJun transcriptional activity and as such any decrease in its level would enhance cJun activity resulting in a further increase in AP-1 transcriptional activity (Deng and Karin, 1993) . fra-1, another AP-1 regulated gene, is upregulated in the MCF7Jun cells. This increase in fra-1 may be compensatory since Fra-1 is frequently inhibitory to cJun activity (Yoshioka et al., 1995) . The net result of these eects is quantitative and qualitative changes in the AP-1 complex. The quantitative change can be seen by the DNA binding assay (increase in binding activity), increase in AP-1 transcriptional activity using an AP-1 luciferase construct (data not shown) and upregulation of two well-characterized`downstream' AP-1 regulated genes, vimentin and type IV collagenase. Similar changes in the AP-1 complex have been seen in immortalized mammary epithelial cells expressing a cJun-estrogen receptor (ER) protein although no upregulation of collagenase genes was noted (Fialka et al., 1996) . The qualitative changes in the AP-1 complex (changes in protein composition) may produce alterations in DNA binding speci®city and anity. These changes can be determined only wheǹ downstream' target genes and their regulatory elements are identi®ed.
These changes in the AP-1 complex result in a number of important biochemical and biologic changes. The morphological changes observed in vitro, in MCF7Jun cells (loose aggregates of cells, oating cells) are consistent with alterations in cell surface proteins that are required for tight cell-to-cell contact. In a study by Fialka et al. (1996) , expression of c-JunER protein in mammary epithelial cells induced a reversible dissociation of tight cell contacts and loss of epithelial polarity due to destabilization of adherens junctions. The phenotype of MCF7Jun cells is similar con®rming that the alterations in cellular morphology is a direct eect of cJun and not contributed by the ER (HBD). MCF7Jun cells have an increased ability to invade through a matrigel gel coated membrane in vitro. This increased invasive a b Figure 4 (a) Estrogen receptor transcriptional activity in MCF7Jun and control cells. Cell lines were transiently transfected with an ERE-CAT construct, divided into two cultures and treated with either 100 nM estrogen or vehicle. Cells were harvested 4 days after treatment and CAT activity was quantitated. The cells were co-transfected using calciumphosphate transfection with 10 mg reporter plasmid containing the CAT gene linked to a promoter which contains an estrogen responsive element (ERE) and 5 mg of CMV-bGal (Clontech) DNA. The cells were harvested, lysed and transfection eciency was determined by measuring b-galactosidase activity in cell lysates. After normalizing for transfection eciency, CAT activity was measured using thin layer chromatography and quantitated using the PhosphorImager (Molecular Dynamics). (b) Analysis of estrogen receptor RNA in control and c-jun transfected MCF-7 cell line. Northern blot analysis using poly(A) + RNA from control (7-1) and cJun overexpressor (2-33) was performed using 32 P-labeled ER cDNA as probe. Ribosomal RNA (28S and 18S) were used as molecular weight markers Figure 5 Estrogen-induced cellular proliferation of MCF-7 stable transfectants expressing cJun mutants. Cells were grown in 96 well plates in complete media or estrogen depleted media for 5-6 days. Results are expressed as fold increase of growth in complete media over growth in estrogen depleted media. The cell lines are as follows: 7-1, 1-2, and 4-1 are controls; 2-33, cJun overexpressor; 1-3 and 1-5 express cJun 1-286 (Jun D287-331: leucine zipper mutant); 2-2 and 2-3 express JunA-D 265 (DNA binding mutant); Tam6 and Tam9 express cJun Tam67 (transactivation domain mutant). There was a statistically signi®cant dierence between clone 2-33 and all other clones using Student's t-test (P50.05) capacity of the MCF7Jun cells correlates with the increased expression of matrix degrading enzymes as seen on a zymogram gel. Western blot analysis demonstrated that this activity resulted from the increased expression of type IV collagenase. Multiple studies have shown that increased expression of matrix metalloproteinases is associated with invasiveness of tumor cells due to degradation of basement membrane (Sato and Seiki, 1993; Thompson et al., 1993) . While we can not eliminate the posibility that the increased invasiveness demonstrated by MCF7Jun cells is not the result of some other metalloproteinase, it would appear highly likely that type IV collagenase mediates this invasiveness in our study. This is the only activity seen on the zymogram gel and type IV collagenase is known to be an AP-1 regulated gene (Sato and Seiki, 1993) . A variant MCF-7 cell line selected for tamoxifen resistance has been reported as displaying increased AP-1 activity and increased collagenase expression (Dumont et al., 1996) .
Increased expression of cJun in MCF-7 cells produces dierent eects upon cell growth depending upon the culture conditions. In complete media (phenol red containing, serum supplemented), cJun decreased cell growth. This decrease results from a loss of estrogen receptor expression (and its corresponding transcriptional activity) since these cJun inhibitory eects are observed only in the presence of estrogen (E2). In estrogen-free media (phenol red free media with charcoal stripped serum), cJun provides a growth stimulus similar to but quantitatively dierent from that seen with estrogen. Normally, estrogen binds to its receptor and the E2-ER complex binds to response elements in target genes leading to transcription and expression of speci®c genes, some of which are important for the growth of the cells. By overexpressing cJun, increased AP-1 activity may increase expression of the same or a subset of the estrogenregulated target genes required by the cell for growth in estrogen. It has been proposed that the ER can interact with the AP-1 complex and activate AP-1 regulated genes (Uht et al., 1997) . Thus, the requirement for ER activity can be partially bypassed. Conversely, cJun growth stimulation could result from the regulation of an independent group of downstream' genes that substitute for the ER regulated genes. cJun is known to regulate a large number of genes, some of which stimulate cellular growth . Finally, cJun overexpression could have induced secondary changes that occurred during selection, which produced growth advantages to the clones.
The eects of cJun overexpression on the tumorigenicity of MCF-7 cells were rather surprising. It is well established that MCF-7 cells will form tumors in nude mice only under supra-physiologic levels of (exogenous derived) estrogen . However, all MCF7Jun cell lines formed large tumors in a rapid fashion in nude mice. To ensure that cJun is not amplifying an estrogen derived signal from the physiologic levels of estrogen present in these mice, we tested the MCF7Jun cells in ovariectomized nude mice. Even in these animals, the MCF7Jun cells produced tumors of similar size over approximately the same time course. To our knowledge, this is the ®rst reported example of cJun overexpression inducing human cancer cells to form tumors in nude mice. c-jun has been demonstrated to transform primary avian or rodent cells as a single gene or in cooperation with an activated ras gene (Alani et al., 1991; Schutte et al., 1989) . The mechanism by which cJun transforms cells remains unclear but presumably involves the regulation of gene expression. Whether this is a direct eect of cJun or in part due to cJun-induced secondary alterations in these clones remain to be determined. The requirement of all portions of the cJun protein (transactivation domain, DNA binding domain, dimerization domain) to inhibit estrogen responsiveness suggests that deregulated expression (activation or repression) of`downstream' genes must be critical to this process.
In this study, increased cJun/AP-1 activity correlates with decreased ER activity. This relationship has been observed before and is proposed to result from several possible mechanisms. Inhibition of estrogen receptor activity by c-jun and c-fos is well documented and thought to be the result of direct interaction of these transcription factors and the estrogen receptor (Doucas et al., 1991) . This inhibitory activity mapped to the glycine rich region (between amino acid 147 ± 220) within the cJun protein (Doucas et al., 1991) . This`cross talk' at the level of proteins is similar to that described for the inhibition of glucocorticoid induced transcription by AP-1 (Vig et al., 1994) . This inhibition is reciprocal, does not require DNA binding, and requires protein ± protein interaction (Vig et al., 1994) . Additionally, inhibition of ER activity by AP-1 has been proposed to result from thè squelching out' of common cofactors used by the estrogen receptor and components of the AP-1 complex (Tzukerman et al., 1991; Doucas et al., 1991) . We demonstrate in this paper a novel mechanism of`cross-talk' between the estrogen receptor and cJun. Overexpression of cJun downregulates the ER gene expression presumably at the transcriptional level. All three components of cJun (transactivation domain, DNA binding domain, and dimerization domain) are required for this eect, strongly arguing that the downregulation of the ER occurs due to transcriptional control. This eect on the ER expression by cJun may be an additional mechanism by which TPA and/or PKC downregulates the ER and inhibits the growth of breast cancer cells (Darbon et al., 1986; Dickson, 1995; Saceda et al., 1991 ). The precise mechanism by which cJun accomplishes this remains to be delineated. The action of cJun could be through a direct interaction with cis elements within the ER promoter. An AP-1 element has recently been identi®ed, but was characterized as a positive enhancing element (Tang et al., 1997) . Conversely, cJun could be acting through an intermediate gene product or interference with other positively acting transcription factors. Recently, a transcription factor ERF-1 found to be involved in the regulation of ER gene transcription has been identi®ed as a member of the AP2 family (McPherson et al., 1997) .
The observed MCF7Jun cells phenotype is similar to that observed clinically in many patients with breast cancer. Many patients with advanced breast cancer initially responded to hormonal therapy (tamoxifen) but eventually recur with tumors that are now hormone unresponsive (Clarke et al., 1990; Leonessa et al., 1991) . In addition, these tumors tend to be more aggressive, invasive, and chemoresistant. The mechanism(s) involved remain unclear but the results presented here suggest that upregulation of the transcriptional complex AP-1 may be important. In a recent study, increased AP-1 DNA binding activity was observed in tamoxifen-resistant primary human breast tumors (Johnston et al., 1999) . In vivo selection of tamoxifen resistant breast cancer cells in nude mice has been shown to give rise to cells with high levels of AP-1 transcriptional activity and diminished ER expression Dumont et al., 1996) . Thus, alterations of AP-1 complex members may contribute to the phenotype of relapsed breast cancer. We propose that increases in cJun/AP-1 activity may be important as a progression event in breast carcinogenesis.
